Approved For Release 2009/07/20 : CIA-RDP80T00246A007300030002-6 



Approved For Release 2009/07/20 : CIA-RDP80T00246A007300030002-6 



Approved For Release 2009/07/20 : CIA-RDP80T00246A007300030002-6 


w mmnscs w mm> vim mmm clslaraecs space 01 Tag 

mms CS? RBSIKEfiBCB TO ROTATIOS OP A DISC ’ • ' ^ 


Precasting Utenoral Seoul to Of EJ^riBaataT Investigation© Of 
ffiss ESesaat Of Rooiotoao© $6 Rotation Of B^oes 

Eluid Plw Between The Disc 'And This 'Caiing' 7 ' : ' A> 


V. S. So&oeh oM A. Ef. Baopsla, Gorkov Polytechnic Institute 

* *■ * ■ * • y - * > « j. *s?-v -* I 

. ftesolG-tod Proa “^teplcenargetika M ■» Kaeeaber 1958 

rr'"- v . r -v f T 


$ } t 


Surbosachinary dioc friction loos calculations usually sake use of 

• ' • 7'-. ^ hi 1 

(satirical ©quatieao derived fraa tests using discs rotating in closed casings. 

•H- 

@is whoal op&co of a conventional turbcnachlEa passes leakage flows, In 

1 \ \ 

es®3sto deposMng upon the eloarancos and flow direction 4 involved, which my 
eubotostiolly alter tfco msaat of rooistoneQ to rotation of the disc go 

■ i/ 

©sssprod to the ease with no flow. . . * ■■;..• 

present work hoc considered the effect of through flow in the wheel 
space on the sosaant of resistance of smooth thin disco, when the flow is 
introduced at the cento? of the rotating disc, with no restricting clearance, 
and flows towards the ria. Of greatest practical interest is the case of 
turbulent flow in the wheel space, which, for a disc rotating in a closed 
cooing, is established primarily for Reynolds numbers: (Ref. 1) 
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the angular velocity of ^j© disc, 

B is the radius at tte disc ri% ©stare . 

^ ie 'the teinesaaiic wisooMtyj, K^/soc ; 

Sho characteristics of the regiias with flow as 3 ® not sufficiently 

* " »*i ' V; .. j. :/ * 

defieofl by a Reynolds staler b&ssd only oa disc velocity, oia©e the regias 

, • *» 

also &©p©sdo ^oa the reMal velocity of tfee stress la who®l space. 

I® this e&s®, it is necessary to consider t|s significance of th® cos 
tfiaatioa of the Reynolds nuBtber and the Ks^aitteda K„ which agjpc&ro &$ a 
ratio of the ria velocity of the disc to th® ns®® radial velocity of th® 
fluid through the gap At the ria. ’• ‘ ■ 



E®j?g i 8'ie the width of the gap between 'the outside of- the disc 
and the protruding Surface of the c&eieg,' Esters 
Q is the volume flow of the fluid through the gap, dP/oqc 

With decreasing &, the value of the Reynold® masher at which the flow 
beceses turbulent is decreased, and it is possible to have turbulent flow 
ia the ergma with the disc stationary, (Plow la o plana radial 

diffuses) . 


Qualitatively , the effect of flow through the wheel space can be 
Judged by ecs@®ring the tangential velocity profiles of the strea® across 
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@3? vtofeticHa (iff the 'di^ can K2*^si? tdfe'fe® preesnse ©f . . 

* g|o» ^jgp f©r a fliee rotating i® a elosefi easing. iE'WBetigat&®& off ■■ fes 

@ff <&& EaHSSt Off r®Si©fe®fi© tO y@ta&&®3 «? fe® 416®- ®S fe© f&SSJ' 
$$a©©l apac© , g*|) aiflfe , and XSsysisMs E2i£&sr •’®a& ©asys^cS. 
taa&ag & spselel es^sriBental oetup. 


the ffiosEsat ©ff disc fr&fetioi*, ‘test© were eenSssstsd wife dieeo fe5&3J?so& ia 
wat©!* and ia ©ir. 3ke latter ©isnltaaeouffily osfe®ifi& fee lisit 

m«fc a3P ia fee dsperiiSBato conducted. ■ ' 4 “' ‘ 

• -< * . • ’ . '■"■ * 

S&e%® ia is&'ter #©r© eoa&ueted on n setup with a &ioe 155 ssa isi 

which rotated at froa 2000 t& 5000 rpa, wife gap widths ffroa 1 to kO vm, ©ad 
water ffSLsw rates ffroa 0.1 to 3*0 liters per second (see Fig. 3)» I® order 
t© asst a?® fjEdaterrupted flow around the disc, fee gap bofeeea the disc ris 
and tfoe spinal r>g ©dg© was Eadatained at a toIbs of 0.5 ssa. “Ehs flow wo® 
Bonitaf©® uith the aid of aim dissseter opening at the center of the dies, 
(fart 6, 3). Wife gap width between •fee disc riia and the casing edg© 

» ^*r»^iSfgsg <yfe»w ®$jpar limit given above, at sasll flowo and large rpa, wafer 
ff&csr •fee evening ia observed to cease, and, at fee ose&a t lia s, ether 
e©^ti ^2-gaaa y gaatAaing constant, fee indicated friction aoaent varies errat- 
^3 lash of a stable value of fee friction maaent in this case can 
fc® by fee discontinuity of the a trees* in fee wheel space. 

gSgqpsrin&nts in air were conducted with discs of two different disasters, 
(1^5 25© ssa) rotating at speeds frcB 2500 to 7000 rpa end with gap widths 

PoflA Mft ^ 
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fros 3 to SO an. Air flow rate was asaswrod ®§ing a ©rifle®. 

reagod frca 0. 03 to 0.12 (standard) &^/s«e» S&a sefcsso for intro&BS&i® 

©ir t© tfese disc is sfeoro % Figure A eMsMing r&Eg is plecoi. to gswoat 


of the disc. 

Sfes usIqu© character of tMo es%eg> oqp§£& r© ia ths iatrsfkagttea <stf iba 
sloetrie eurr®at to the opaa-typ© B®t®r through mrcury-fiXlsfi 
ricg® (Barts 9 and 1^* Fig. 3 ) p a@& ia tha masuresBat ©f tko fri©tl@3 fares 
Esatsat fey E$aao of th© angle of twist ©f the tsreioa dynsEsgsotsr spring .. 
((string) Fart 17 > which properly receives the weight of the Gsvobie parts 
®f the azraagesaat aafi decrease® the frictioa essasat ia ths radial thrust 
bearing. She character of tbs fluid Eotioa ia th© gap i© essentially 
depend© at upon the restriction ©f th© gep to the stream and the redial e@a= 
poEsat of veloei'ty ia the vicinity of the disc surface j, which io determined 
fey the relationship between tfes 82£y30 (centrifugal) forceo and the viscosity 
esd inertia forces. 

Frictioa in the vicinity of the dice depends up©® the velocity tha 
stress in the gap relative to the rotating dice. In tMo ralativo ®®tioa, 
the centrifugal forces appear as oass. a®refore, ©oleele ' o eritorioa 
acquires sealing with the substitution of centrifugal forco for 
tioaol ms® force. 2he gravitational moo fores, centrifugal fere© ia easr 
probl®, is proportional to the first power of the lineal dteDaoics (ff&g&tts). 


Eaeideo the well-known gecisatrie, kineaatie, cad dynooie o icAl grl^ 
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that ©f ths esoiafi ^sAl hegias. For a disc 155 s® i a di£ 22 ®t©s% wl 
Ba » 1»5 35 10 6 p the u8&iBix& valu© ©£ the e©©ffiei@at is ©e©a at s=©l4 
go® width g/B ■» 0 ,0@6, whieh eoiaei&se vlth the aiaiEasa valuo fmsM 
matolljr for a dise rot&tiag ia a ©l©o@d eaciago tee aa? eoael^a Sfca 
that th® ©ptiasu® m3, a of the gap width frea the poiat of vim of aiMJ 
th® frietioa Esaaat ? tha disc for a given die© aadius caa to <a©£!e®& 
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8 

H opt 

Graphic results summarizing more than 640 teste conducted la water 
and air, for K ■ 0.6 to 8000, S/B ■ 0.013 to 0.52, aafl Bs = 10 5 to 3 s 10 6 
are presented by Figure 5 • 



As a result of the present work the following formula is derived for 
defining the increase in the friction force Et&aent coefficient: 


0.75 

A c~ > o.ks s io " 3 

^ 0.8 


(7) 


®se zssan deviation of the experimental points in Figure 5 fro® a 
straight line described by this equation is not more than 10$. The fact 
that tha results of tests with fluids of different physical properties 
(water and air), conducted with two different diameter disco, at various 
gap widths and rpsa, lie on one straight line, indicates that the 
accepted criteria of similarity satisfactorily reflect the physical sub- 
stance of the phenomena of our problem. 

The following formula is recosnended for defining the coefficient 
of the friction force moment on one side of a disc with wheel space flow: 

Cf °* 

(I 


0.151 


\ ^ 1 ! 
) Re 


1.02. g 


72 + 12 


i]*- 


182 


+ Ac t 


(8) 
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Eie bracketed expression by itself is that presented by Fan tell for discs 
rotating in closed casings. (Ref. 3). 


For small ratios of S/R, insignificantly greater than (s/R) , it is 

opt 

convenient to use the greatly simplified formulas 


„ 0.0107 A 

c f - 1—^ + A c f 


F 


(9) 


She results of our experiments can be used in eases where the fluid 

is introduced into the wheel space through round pipe® or a ringed slot 

with relative radius of such a magnitude that it is considerably larger 

r 

than in our experiment • 0.3 , since in formula (5) for the moment 

of resistance to rotation, the radius enters in the 5th power. If, for 
example, the fluid is introduced through a narrow ringed slot with a 
mean radius ©auGl to one-half that of the disc, we can expect a decree 
in the moment of friction force on the order of 3$. 
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stress la taa gap oeweea xae roxatiog 
disc sun 1 tfe© mils of the casing for the 
no-flow case. 

Ee . l.TilO 6 ; S/H - 0.055 
r a Reseat value of radius 
e a Bistaace from the poiat to tha disc 


Fig. 2 - tangential velocity profiles in the gap between 
tbs disc qM the caoiag mil with flow, 

Bs = l.lxlO 6 } S/E » 0.055, K - 9-0 

F&ge 12- 







Fig. 3 - Sketch of experimental setup 
(See Page 14, following, for names of numbered parts.) 
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NAMES OF NUMBERED PARTS, rm. 3 


1. Gasket (Spacer) 

2. Casing 

3. Piston ( PI linger) 

k. Packing ring 

5. Box (Casing) 

6. Disc 

7. Radial thrust hearing 

8 . Brake band 

9. Plexiglas ring with mercury filling 

10 . Electric motor 

11. Thrust bearing 

12 . Indicator needle 

13 . Graduated dial 

lk, Plexiglas ring with mercury filling 

15. Variable current generator 

16. Motor suspension bracket 

17. Dynamometer torsion spring 

18. Voltmeter 

19. Regulating rheostat 

20. Orifice meter manometer piping 

21. Gap width setting 

22. Vernier (Nonius) 

23. Valve (Stop) 

2k. Weigh tank 

25 . Mercury thermometer 

26. Orifice 
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